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mobility thatcan be offered atmoderate infrastructure costs.














transmitterand receiverto produce significantcapacity gains
oversingle-inputsingle-output(SISO)systemsusingthesame








to resolve the problem system-wise,or by using baseband
algorithmsandsignalprocessingtechniques.Therefore,tosolve
thisproblem and to operatethe MIMO antenna system with
properly,the characteristics of the MIMO antenna in real
environment must be considered when developing processing
algorithms.ToimplementaMIMOantennasystem inrealMIMO
environment,we mustconsider the mutualcoupling between
MIMO antenna elements.Suppressing the coupling between
antennaelementsisanimportantproblem inMIMO ormultiple
antenna systems because the coupling between the antenna
elements influences the correlation coefficient in free space
significantly.
Thisthesisdescribesseveraldesign techniquesforMIMO





antenna system. It is proposed a compact 2-channel
WiBro-MIMO antenna forthe practicalhandy terminal.Itis
employed the projected (凸) ground structure for isolation
between two antennaelementsand itsuppressed both ofthe
mutualcouplingandtheradiationcoupling.Inaddition,forthe













    In recentyears,there have been many studies on the
multi-input multi-output (MIMO) antenna system for the
application ofmobilecommunication and W-LAN system,etc.,
BecausetheMIMO antennasystem isasuitablecandidatefor
the4th generation mobilecommunication requiring high speed,
highqualitytransmissioninvolvinglargeamountofdatatransfer.
To achieve this end,the use of multiple antennas at the
transmitter-endsandreceiver-endshasdrawnattentionofmany
researcherssincethemid-1990's.Thechannelcapacity thata










to resolve the problem system-wise,or by using baseband
algorithms and signalprocessing techniques [2].Therefore,to
solvethisproblem and tooperatetheMIMO antennasystem
withproperly,thecharacteristicsoftheMIMO antennainreal
environment must be considered when developing processing
algorithms[3].
To implement a MIMO antenna system in realMIMO
environment,the antenna system with multiple channels is
required.Suppressingthecouplingbetweenantennaelementsis
an importantproblem in MIMO ormultiple antenna systems
becausethecouplingbetweentheantennaelementsinfluencesthe
correlationcoefficientinfreespacesignificantly[4],[5].
Pioneer researches on suppressing the mutual coupling












Thus,theresearch presented in thisthesisisfocused on
suppressing themutualcoupling between antennaelementsby
usinga2-dimensionalstructure,andisfocusedondevelopingthe
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wavelength intervalin both horizontaland verticaldirections,
respectively(Fig.2.5).Fig.2.6 and Fig.2.7 show measured
S-parametersandradiationpatternsoftheconventional4-channel
MIMO antenna,respectively.AsshowninFig.2,eachantenna











   
2.1.3 Mutual coupling suppression using parasitic
elements




antennaelements,and oneparasiticmicrostrip linehaving the
length(L2)asdepictedinFig.4.











element length (L1).By changing its length,the resonance
frequencyisshiftedandtheamountofcouplingisalsochanged.
Therefore,thelengthof16.55mm isadoptedindesign.Forthe































Fig.2.11 shows the currentdistributions ofthe proposed
antenna with parasitic elements.As shown in Fig.2.11(a),
currentflowson theantennaandtheparasiticelementswhen
onlytheelement#1isfed.InFig.2.11(b),itisshownthatthe




#1and #2areidealy mirrorimagesofeach other.Sincethe
surface wave between the antenna elements #1 and #2 is
canceled by the horizontaly located parasitic elements,the
mutualcouplingbetweentwoelementsisstronglysuppressed.In


























show reasonable agreementwith the predicted values in Fig.
2.14(a).Inaddition,whilethemainbeam patternsofEthetaare
tiltedabittoeachotherduetotheirmutualcouplinginFig.2.7,









wave length interval.In this case,the coupling between the
elementsis-18~-20dB overthefrequency rangebetween
5.25GHzand5.8GHz.






























































showsthecalculated resultswhen W isvariedfrom 1mm to
2mm.The figure shows thatthe impedance ofthe reversed
'U'-shape structure varies and thus S21 varies as does the
widthW.
From the results shown above,the parameters thatcan
effectively suppressmutualcoupling overtheentirebandwidth




Figure 2.20 shows the current distributions of the
conventional2-channelplanararray antennaandthe2-channel
planar array antenna with the proposed reversed 'U'-shape
structure.Fig.2.20(a)showsapictureofcurrentdistributions
when two antenna elements without a reversed 'U'-shape
structure are fed simultaneously.In this case,the current
distributionsonthetwoantennaelementsareidentical,andthe











placed between two antenna elements,the unwanted radiation
componentsarecanceled by thereversed 'U'-shapestructure.
Thereasonforthisisthatthereversed'U'-shapestructureis
placedapproximately1/4wavelengthawayfrom eachelementso
thatthe wave incidentto and the wave reflected from the
structurehavephasedifferenceof90 degreeand thuscancel
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each other.In addition,interference signals excited in the
reversed 'U'-shapestructureisabsorbed in theground plane
throughtheviahole.Figure2.20(c)showsthecasewhenthe
currentdistributions are opposite ofthe case shown in Fig.
2.20(b).Noticethatthecurrentdensityishighonthereversed
'U'-shape structure.This means thatthe reversed 'U'-shape
structure operates as an antenna. The reversed 'U'-shape
structure not only suppresses the mutualcoupling but also
enhancestheantennagainbyoperatingasaparasiticantenna.
Thegain ofthe2-channelplanararray antennawith the
proposedreversed'U'-shapestructureasafunctionoffrequency












planar array antenna with the proposed reversed 'U'-shape
structurewith theoptimized parametersmentioned above.The
S-parametersandtheradiationpatternsofthefabricatedantenna
have been measured and shown in Figs.2.23(b) and 2.24,
respectively.Themeasured return loss(S11,S22)and mutual
coupling (S12,S22)ofthefabricatedantennaagreereasonably
withthecalculatedresultsinFig.2.23(a).Eachantennaelement
satisfies the bandwidth requirement by the IEEE 802.11a
standard, and the mutual coupling is wel suppressed to
-28~-29dBnear5.25GHzand5.8GHz.Theradiationpatternshave
been measuredat5.25GHzand 5.8GHz.Theradiation patterns









   


























In the2-channelMIMO antenna array design,areversed
‘U’-shape,microstriplinestructureisusedasaparasiticelement.
The structure is abouta wavelength in totallength and is
groundedthroughaviaholethatisplacedatthecenterofthe






radiating element.Itis also notable thatmutualcoupling is
suppressedoverawidebandwidthinthenew design.
-31-
Most of the previous research has dealt with
three-dimensionalstructuresforthemutualcouplingsuppression
resulting in complex structures.However,the noveldesigns
proposed in this thesis shows only two-dimension structures.
Therefore, these design structures have two distinctive
advantages.Thefirstadvantageisthatitcanbereducedthe













February 2002,the Korean governmentalocated 100 MHzof
electromagneticspectrum inthe2.3GHzband,andinlate2004












licensed spectrum thatmay notbeavailableacrosstheglobe
may keep itfrom becoming an internationalstandard.While
WiBroisquiteexactinginitsrequirementsfrom spectrum useto
equipment design,WiMAX leaves much of this up to the












elementnumber)and the envelope correlation coefficient ρeij
whichrelated(3.1).
2
cijeij ρρ ≅  (3.1)
ρcij can be evaluated either from the mutualcoupling
between antenna ports orfrom the radiation patterns ofthe





































( * ϕπϕπ ϕϕ ji EE+ (3.4)
where Eθ and Eφ are the θ and φ polarized electric field
patternsoftheantennasattheazimuthplaneand Г thecross







(3.4).Ifitcanbereducedvalues mccρ and rpcijρ ,theperformanceof
theMIMO antennawilbeimproved.Thusinthisresearchitis
employed aprojected(凸)ground structurewhich can decrease
bothofthevalues mccρ and rpcijρ .
Fig.3.1showstheproposed antenna configuration in this
paper. Thetotalsizeofaproposed2-channelantennawhichis








Fig.3.2 shows the simulated antenna inputand mutual
impedanceoftheproposedantenna.TherealpartofZiandZij
shows48 Ohm and 8 Ohm atcenterfrequency,respectively.
Usingthesefactors,itcanbecalculatedthevalueof mccρ ,itis
0.16.Sincetheantennainputimpedancesarewelmatched,also
themutualimpedance( mccρ )between twoantennaelementsare
convergence to nearly 0.On the otherhand,a projected(凸)
groundstructureisemployedinthisantennasothattwoantenna
elementsareseparated electricaly.Sincetheprojected partof













As shown in Fig. 3.4, the measured and simulated
S-parametersareexactlythesameasdepictedinFig.3.4.The
proposedantennaisweltunedinthe2.3– 2.45GHzWiBro
band and have over150 MHz (6%)bandwidth.The mutual
coupling(Sij) is under -17 dB at al frequency bands.For
practicalusage,itisexaminedtheS-parametersand radiation
patternswithacaseofpracticalmobiledevice.TheSCH-S130
slide phone model(Samsung) is used for the practical
examination.itisexaminedeachvaluetoinspectthevariationin
practicalusageforbothoftheopen-slideandtheclosed-slide,
respectively. The measured return-loss with the case are
satisfied 2.3-2.45 GHz WiBro band below -10 dB,also the
measuredS21areshownbelow -15dBatWiBrobandforboth
-39-









case show good agreements with the measured S-parameters




















andthey show widebeamwidth foreach direction.Incaseof





patterns with the case.Since the proposed antenna has the














the measured results without the LCD panel and battery.
However,the measured bandwidth with the LCD paneland





Fig. 3.10 and Fig. 3.11 show the measured radiation
parameterswiththeLCD panelandthebattery.Theradiation
patternsaremeasured on yz-planeand xz-plane,respectively.
-45-
Evenitisoccurredthescatteringandthediffractionphenomenon










A compact2-channelMIMO antennaoperating inthe2.35
GHzWiBrobandisproposed.Theproposedantennaconsistsof








they show reasonable agreements with the simulated results.
Theyexaminedalsowithapracticalhandsetcase,aLCD panel
and thebattery.By theeffectofthe case,themeasurement
resultsarechangedalittle,howeverthey aretunedeasily to
satisfythedesignconditions.
Theproposed antenna has a suitable structure forhandy
terminal,niceradiationpattern,andenoughbandwidthforWiBro
application.Thusitisexpectedtheproposedantennamodelcan










smal mobile devices.Especialy,a miniaturization is much








antenna or using high permittivity dielectric substrates,
etc[18][19].However,atlengthsshorterthantheresonantlength,
the radiation resistance changes,and the impedance at the
terminals ofthe antenna become reactive.The lattercan be
compensatedforbytheself-impedancematchingstructurewhich
proposedinthisresearch.Theself-impedancematchingstructure




we assumed that the proposed antenna operates at IEEE




employ λ/4 antennas[20].Howeveritis necessary to reduce
much the antenna size with considering recenttrends which




the proposed monopole antenna has the ground plane smaler













shows much capacitive characteristic atthe design frequency.











Theantennausedin thisresearch showsmuch capacitive
characteristic(Fig.4.1andFig.4.2),thusaninductivematching








the capacitive imaginary part of the antenna impedance is
reducedmuch.Howeveritshowsstilcapacitivecharacteristics,
so itis needed to reduce the capacitive imaginary partof
antenna impedance. For better impedance matching, as an
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the novelimpedance matching structure on the top of the
-55-











In Fig.4.8,we can easily find outthe reason ofthe dual
resonance.Accordingtothecurrentpathsateachfrequency,the
inductive lines on the top of the antenna operate as the
impedancematchingstructureforbothoflow andhighresonance
frequenciesandasshowninFig.4.8,theantennastructureis











radiation patterns even though the antenna structure is
remarkably smaler than a typical monopole antenna. The
-58-
calculatedantennagainsat2.4GHzand2.7GHzshow 2.62dBi
and 2.9 dBi, respectively and they are reasonable results
comparing with the typical λ/4 monopole antenna gain.Nice
radiation patterns and antenna gains are leaded by good




with self-impedance matching structure is presented. We
suggested a novelmethod for antenna impedance matching
structure using inductive lines on the top ofthe antenna;it
































with the simulated one according to the measurement and
fabrication errors, they show a reasonable agreement. The























To implement a MIMO antenna system in real MIMO
environment,the antenna system with multiple channels is
required.Suppressingthecouplingbetweenantennaelementsis
an importantproblem in MIMO ormultiple antenna systems
becausethecouplingbetweentheantennaelementsinfluencesthe
correlationcoefficientinfreespacesignificantly.
This paperpresents severaldesign techniques forMIMO










Most of the previous research has dealt with
three-dimensionalstructuresforthemutualcouplingsuppression
resulting in complex structures.However,the noveldesigns







application in this thesis.Due to the smal size and nice
performanceoftheproposedantennainthisthesis,itisexpected
thatthe proposed antenna could be applied to mobile handy
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오늘의 제가 있기까지 큰 관심과 세심한 배려로,각별한 사제지간의
정을 일깨워주신 민 경식 교수님께 감사드립니다.또한 학부와 대학원
6년 동안 많은 가르침을 주신 김 동일 교수님,조 형래 교수님,정 지
원 교수님,김 기만 교수님,강 인호 교수님,윤 영 교수님께 감사드립
니다.
무엇보다도 오늘 날 제가 있을 수 있게 해주시고,마음 편히 공부만
할 수 있도록 늘 배려해 주신 나의 부모님과 형,형수님에게 깊은 감
사를 드립니다.공부에 앞서,진정으로 따뜻한 가정에서 제 인생을 설
계할 수 있었음은 모두가 나의 가족들의 덕이기에 말로 전할 수 없는
고마운 마음을,평생을 사는 동안 조금이나마 갚아갈 것을 못난 논문
에 대고 약속드립니다.
좋은 연구 결과를 얻을 수 있도록 늘 도와주신 삼성종합기술원의 여
러 전문연구원님들께도 깊은 감사를 드립니다.신선한 연구 테마와 여
러 전문연구원님들의 각별한 관심으로 논문이 잘 마무리되었습니다.
특히 언제나 형님처럼 돌봐주시고 마지막 논문 심사의 심사위원장까지
흔쾌히 맡아주신 종합기술원의 박 세현 형님과 가정에 고마운 마음을
전합니다.
대학에 입학할 때부터 대학원을 마치는 지금 이 순간까지 나와 동고
동락을 함께한 진우,DSP연구실의 형준이와 찬섭이,연구실 생활하는
동안 늘 많이 도와준 철근이형,VuManhDat,TranVietHong,Tran
ThanhNgon에게도 감사드립니다.또한 이제 연구실의 기둥이 될 민성
이,승목이,건도에게 늘 말만 많고 제대로 챙겨주지 못한 못난 선배로
서 미안하고 고마운 마음을 전합니다.열심히 해서 졸업할 때 후회하
지 않고 당당히 사회로 진출할 수 있도록 더욱 노력해달라는 작은 부
탁을 드립니다.나의 소중한 친구들-덕우,동명이인인 두 상봉이,민
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군이,군대 제대하고도 늘 한결 같이 전우애를 보여준 해병대 전우들-
상철이,병호,득현이,전명길 해병께도 감사를 드립니다.
지난 5년간,늘 저에게 더욱 열심히 살아갈 이유가 되어준 사랑하는
예리에게,아들처럼 생각해 주시고 늘 도와주신 예리의 부모님과 선혁
이에게 감사드리며 앞으로 더욱 열심히 살아 자랑스러운 사람이 될 것
을 약속드립니다.
6년간 머물렀던 학교라는 둥지를 떠나 넓은 세상으로 떠납니다.학
교라는 작은 사회에서 저에게 많은 가르침을 주신 모든 분들께 다시
한 번 깊은 감사를 드립니다.
김동진 올림
